The following reagents and solvents were purchased from the indicated commercial 
with 500 mL of propionic acid, 9.3 mL pyrrole, and 21.8 g methyl 4-formylbenzoate, and the mixture refluxed for 12 h under N 2 . After cooling to room temperature, the product was filtered and washed with acetone. Saponification of H 2 TMeCPP to yield free-base 5,10,15,20-(4-carboxyphenyl)-porphyrin, H 2 TCPP, was done by stirring 1.0 g H 2 TMeCPP in THF (25 mL) and MeOH (25 mL) followed by the addition of aqueous KOH (2.63 g in 25 mL H 2 O). The reaction mixture was refluxed for 16 h. After cooling to room temperature, the solvent was reduced under vacuum followed by the addition of 50 mL H 2 O. This solution was acidified with 1 M HCl until no further precipitate was formed. The H 2 TCPP solid was filtered and washed with H 2 O. The metalloporphyrin, Ni(II)TCPP, was prepared by refluxing H 2 TCPP (0.8 g) in 100 mL DMF with excess NiCl 2 ·6H 2 O (2.5 g) for 6 h. 2, 3 The crimson product was precipitated out by addition of water then filtered, washed with water, and allowed to dry: 1 
Synthesis of PCN-224 films:
Films of the PCN-224 MOF 3 were prepared solvothermally. In a 6 dram glass vial, 30 mg ZrCl 4 and 10 mg Ni(II)TCPP (for PCN-224-Ni) or H 2 TCPP (for PCN-224-fb) were dissolved in 10 mL DMF followed by the addition of 2 mL formic acid. A clean FTO slide was placed in the vial and heated to 120 C for 16-18 h, after which time the vials were removed from the oven and allowed to cool to room temperature. The films were rinsed with fresh DMF and acetone and allowed to dry.
Characterization. Powder X-ray diffraction (PXRD): PXRD measurements were performed on powder samples using a Rigaku MiniFlex 600 with Cu(Kα) radiation (Cu−Kα = 1.5418 Å). The PXRD experiments were carried out over a 2θ range of 3−60° in continuous scanning mode (10.0°/min) and a resolution of 0.1°. Scanning electron microscopy imaging (SEM) and energy-dispersive X-ray analysis (EDX): A LEO (Zeiss) 1550 field-emission scanning electron microscope, equipped with an in-lens detector, operating at 5.0 kV was used for high-resolution images of the thin films. EDX was collected using a built in Oxford INCA E2H X-ray Energy Dispersive Spectrometer (EDS) system with a Silicon Drifted detector. X-ray photoelectron spectroscopy (XPS): XPS measurements were collected using a PHI 5000 Versa Probe III spectrometer with an aluminum anode X-ray source and photon energy of 1486.6 eV. Survey spectra were collected using a 200 μm beam size at 50 W and 15 kV, scanning a range from 1100 eV to 0 eV at a pass energy of 224.0 eV and a step size of 0.8 eV/step. Elemental peak data were collected using a 100 μm beam size at 25 W and 15 kV with a pass energy of 69.0 eV and a step size of 0.1250 eV/step. The emitted photoelectrons were detected by a 32-channel hemispherical analyzer, and the operating pressure of the main chamber was below 10 -7 Pa during the time of measurement. Inductively Coupled Plasma−Mass Spectrometry (ICP-MS). The PCN-224-Ni thin films were digested in 70% nitric acid and heated to 90 °C for 1 h. After filtration through a syringe filter (<0.2 µM), the solution was diluted with water so that the final concentration of nitric acid was 7% by volume. All samples were analyzed for nickel and zirconium content using a Thermo Electron X-Series inductively coupled plasma mass spectrometer (ICP-MS) in accordance with Standard Method 3125-B.
Electrochemistry. Electrochemical experiments were performed on a Basi EC epsilon potentiostat using a Ag/AgCl (aqueous saturated KCl) reference electrode. The Ag/AgCl electrode was calibrated against Fe(CN) 6 3-/Fe(CN) 6 4-, where the expected E 1/2 is +560 mV vs. NHE. 4 For all aqueous electrochemical experiments, 18.3 mΩ-cm ultrapure water was obtained using a Barnstead EASYpure UV system. Cyclic Voltammetry (CV). CV measurements were collected in a three-electrode arrangement using Pt mesh as a counter electrode, Ag/AgCl reference electrode, and PCN-224-Ni/FTO as working electrode. The scan rate was varied over the range of 25-800 mV/s. Square-Wave Voltammetry (SWV). SWV measurements were collected in the electrochemical cell described above with a 1 mV step size, 100 mV amplitude, and 3 Hz frequency. pH Dependence. The pH dependence of PCN-224-Ni current density of was performed in the electrochemical cell described above in aqueous 0.1 M NaClO 4 electrolyte. Electrodes were immersed in the solution and a potential of 1500 mV vs. NHE was applied. The current density was taken after steady-state current was reached after 5 minutes. Tafel Analysis. A potential jump experiment was set up using aqueous 0.1 M NaClO 4 electrolyte in the standard three-electrode arrangement described above. Overpotentials (η = V -E o ) ranging from η = 400 to 800 mV were applied with 50 mV steps. The current was allowed to equilibrate for 5 min. Oxygen Evolution.
Controlled potential electrolysis (CPE) experiments were performed in a homemade twocompartment bulk electrolysis glass cell. One compartment housed the PCN-224-Ni/FTO working electrode, Ag/AgCl reference electrode, and dissolved oxygen probe, whereas the counter electrode was housed in the secondary compartment separated by a finely porous glass frit. The cell was purged with Argon and sealed prior to experiments. The evolution of oxygen was monitored in solution using a Unisense OXY-Meter. 
